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CLAIMS 

L A process for preparation of a cross linked protein crystals which comprises (a) 
crystallizing the protein in water with a suitable salt and cosolutes in presence of an 
organic cosolvent at a temperature ranging between 4^ to 1 0^ C for a period ranging 
between 5 hr. to 20 days to obtain the crystals of the protein having a cross-section 
of ranging between 50 to 150 microns, 

(b) reacting the crystals of the protein obtained instep (a) with a multifunctional 
crosslinking agent in the presence of buffer of pH ranging between 3-10 at a 
temperature ranging between 4^ to 1 0^ C to get the crossed linked protein crystal, 

(c) washing the cross linked crystals with reagent capable of removing the excess of 
cross linking reagent to obtain the washed cross linked protein , 

(d) coating cross linked protein crystals with a suitable surfactant, to obtain the 
stable product. 

2. The method as claimed in claim 1, wherein said protein is an enzyme selected 
from .the group consisting of hydrolases, isomerases, lyases, ligases, transferases 
and oxidoreductases. 

3. A process as claimed in claim 2, wherein said enzyme is a hydrolase or an 
oxidoreductase. 

4. The method as claimed in claim 1 to 3, wherein said hydrolase is selected from 
the group consisting of amylases, like glucoamylase (amyloglucosidase), alpha 
amylase, beta amylase. 

5. The method as claimed in claim 1 to 4 wherein said oxidase is selected from the 
group of oxidoreductases consisting of various peroxidases, oxidases, laccases of 
both plant and microbial origin. 
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6. The method as claimed in claim 1 to 5, wherein said crystal is a microcrystal 
of any shape and has a cross-section of 100 microns or less. 

7. The method as claimed in claim 1 to 6, where said cross linking reagents used is 
5 solvent from a group consisting of glutaraldehyde, starch dialdehyde, Dimethyl- 

3,3'-dithiobispropionimidate, 2-iminothiolane, n-Succinimidyl-(4-azidophenyl)-l,3- 
dithiopropionate, EthyM-azidophenyl- 1 ,4-dithiobytryrimidate etc.The 

concentration of cross linking agent can be 1 to 50 mg per gram of the enzyme 
crystal. 

10 

8. The method as claimed in claim 1 to 7, wherein said surfactant used is anionic, 
neutred,or cataionic. 

9. A method as claimed in claim 1 to 8 wherein the cationic surfactant used is 
15 selected from the group consisting of amines, amine salts, sulfonium, phosphonium 

and quaternary anmionium compounds, like Methyl trioctylammonium chloride 
(ALIQUAT 336) N,N',N'-polyoxyethylene(l 0)-N-taUow- 1 ,3-diaminopropane 
(EDT-20; PEG-10 tallow), PEI( polyethylene imme) and CTAB (cetyl trimethyl 
ammonium bromide). 

20 . 

10. A method as claimed in claim 1 9 wherein the anionic surfactant used is selected 
from the group consisting of linear alkylbenzene sulphonate, alpha-olefin 
sxilphonate, alkyl sulphate. Aerosol T, SDS, alcohol ethoxy sulfate, carboxylic- 

m 

acids, suLfuric esters and alkane sulfonic acids. Examples of anionic surfactants 
25 include: TRITON QS-30 (Anionic octyl phenoxy polyethoxyethanol). Aerosol 22 
,dioctyl sxilfosuccinate (AOT) ,Alkyl Sodivim Sulfate (Niaproof): Type-4 ,Type-8 
,Alkyl (C9-C13) Sodium Sulfates (TEEPOL HB7). 

1 1. A method as claimed in claim 1 to 10 wherein the non-ionic surfactant used is 
30 selected from the group consisting of nonyl phenol ethoxylate, alcohol ethoxylate, 

sorbitan trioleate, non-ionic block copolymer surfactants, polyethylene oxide or 
polyethylene oxide derivatives of phenol alcohols or fatty acids. 
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12. A method as claimed in claim 1 to 1 1 wherein the non-ionic surfactant used is 
selected from the group consisting of Polyoxyethylene Ethers: 4 lauryl Ether (BRI J 
30) , Tween 80, 23 lauryl Ether (BRIJ 35) ,Octyl Phenoxy polyethoxyethanol 

5 (TRITONS): Tx-15 ,Tx-100,Tx-114 , Tx-405 ,DF-16 ,N-57 ,DF-12 ,CF-10 ,CF-54 
jPolyoxyethylenesorbitan: Monolaurate (TWEEN 20), Sorbitan: Sesquioleate 
(ARLACEL 83) ,Trioleate (SPAN 85) ,Polyglycol Ether (Tergitol): Type NP-4 
,Type NP-9 ,Type NP-35 ,TypeTMN-10,Typel5-S-3,TypeTMN-6(2,6,8,Trimethyl- 
4-nonyloxypolyethylen oxyethanol Type 15-S-40. 

10 

13. The method as claimed in claim 1 to 12 wherein said surfactant provides a 
weight ratio of crossUnked enzyme crystals to siufactant between about 1:1, and 
about 1:5, preferably between about 1:1 and about 1:2.. 

15 14. A method as clamed in claim 1 to 13 wherein the surfactant is carried out by 
contracting the crosslinked enzyme crystals with surfactant for a period of time 
between about 5 minutes to 24 hours, preferably between about 30 minutes to 24 
hours. 

20 15. The method as claimed in claim 1 to 14 wherein the said buffer used for the 
CLEC preparation can be 10 to 100 mM of standard acetate, phosphate, citrate or 
any suitable buffer with a pH in the range of 3-10. 

16. The cross linked protein crystal according to claim 1 to 15, wherein the said 
25 protein crystal is in a lyophilized form. 

17. The cross linked protein crystal as claimed in claim 1 to 16, wherein the said 
crosslinked enzyme crystal having resistance to exogenous proteolysis, such that 
said crosslinked enzyme crystal retains at least 91% of its initial activity after 
30 incubation for three hours in the presence of a concentration of Protease that causes 
the soluble imcrosslinked form of flie enzyme that is crystallized to form said 
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enzyme crystal that is crosslinked to lose at least 94% of its initial activity under the 
same conditions, wherein said crystal is in lyophilized form. 

18- The cross linked protein crystal according to claim 1 to 17, which permit said 
5 enzyme to act upon the substrate, thereby producing said product in said organic 
solvent or aqueous-organic solvent mixture. . 

19. The method as claimed in claim 1 to 18 wherein said organic co solvent used is 
selected from the group consisting of octanes, diols, polyols, polyethers and water 

1 0 soluble polymers. 

20. The method as claimed in claim 1, wherein the organic cosolvent used is 
selected from the group consistmg of toluene, octane, tetrahydrofuran, acetone, 
pyridine, diethylene glycol, 2-methyl-2,4-pentanediol, poly(ethylene glycol), 

15 triethylene glycol, 1,4-butanediol, 1 ,2-butanediol, 2,3,-dimethyl-2,3-butanediol, 1,2- 

butanediol, dimethyl tartrate, monoalkyl ethers of poly(ethylene glycol), dialkyl 

* 

ethers of poly(ethylene glycol), and polyvinylpyrroUdone. 

21. A cross linked protein crystal formulation comprising about 10 wt % and about 
20 70 wt % of surfactant, by weight of the final formulation, preferably between about 

25 wt % and about 45 wt % of surfactant, by weight of the final formulation. 

22. A process as claimed in claim 1 wherein the crystals may be used in an aqueous 
or organic medium for biotransformations, in an assay, diagnostic kit or biosensor 

25 for detecting an analyte, in producing a product such as using crosslinked 
Peroxidase crystals to produce novel polysaccharides, in separating a substance 
from a mixture, in therapy and in bioremediation of toxic efQuents. 
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